Introduction
Over the years, as technology progresses, and more programs and equations are developed, the work of structural engineers and researchers have become faster and more efficient. However, these developments are countered by the continuous increase in population all over the world especially in major cities. With this, engineers and researchers are finding different ways to make their work even faster without sacrificing the efficiency of their works' results. One way of doing that is by implementing "intuitive assumptions" when conducting several analyses. Intuitive is defined as agreeing with what is known or understood without any proof or evidence. In relation to structural engineering, one assumption that is usually made is that when lateral torsional buckling failure occurs in thin walled beams, the lowest critical moment always corresponds to the loading condition of equal end moments. This assumption can be observed in the universally accepted design assumption that replacing the real bending moment diagram by a uniform one would result to the beam having a lesser and more conservative lateral torsional buckling capacity. In a study made by Camotim et al. (2012) , they concluded that "amongst all bending diagrams caused by any combination of applied end moments and transverse loads acting at the shear center, the lowest critical moment does not necessarily correspond to uniform bending". Their study focused on the analysis of monosymmetric prismatic straight beams. Thus, the inspiration for this study.
This study aims to investigate if the same conclusion, that the least critical moment does not necessarily correspond to uniform bending, can be applied to stepped beams. Stepped beams are beams having an increase in cross section either at the ends or at midspan depending on where the maximum moment is reached. Stepped beams are achieved by either changing the size of the cross section for hot rolled beams, adding cover plates to the beam flanges or by changing the dimensions for built up sections. Stepped beams are a good alternative to prismatic beams because they can be as efficient but be more economical. Different studies have been made about the lateral torsional buckling strength of stepped beams. Some of which are made by Gelera (2012) , and Surla (2013) . However, the previous studies available did not clearly mention the trends in the buckling strength of stepped beams as the monosymmetric ratio changes. Monosymmetric ratio or the degree of monosymmetry, ρ, is defined as the ratio of the second moment of area of the top flange about the y-axis (I yc ) to the second moment of area of the whole beam (I y ). For this study, stepped beams having a degree of monosymmetry of 0.5 to 0.9 will be analyzed to see the trends in beams having varying tension flange dimensions. Stepped beam parameters taken from geometry of real bridges will also be used to see the effect of these parameters to the lateral torsional buckling capacity of the beam. The stepped beams analyzed for this study are doubly stepped beams. This means that the increase in cross section are situated at both ends of the beam. The unbraced length, L b , of 17.78 meters, which is under elastic range, is used and the beam selected is determined to be compact. For the results of this study, they are illustrated by using graphs to better see the trends as the parameters are varied. The results and conclusions of this investigation can serve as an additional information to help compare the differences and similarities in stepped beam and prismatic beam behaviors.
Model Parameters
The section used for this study is W36x160. The degree of monosymmetry, ρ is varied from 0.5 to 0.9. Below are the cross sections of the beams. λ, λ p , λ r and are factors that determine wether the section can be classified as compact, noncompact or slender.
As mentioned in AISC (2010) when λ r >λ p the section can be classified as compact. It can be observed that for the section used, λ r >λ p for both flange and web. So, the beam is classified as having both compact web and compact flanges.
In determining the effect of steps in beams. The stepped beam factors α, β and γ are used. The definition of the factors are illustrated below.
In Fig. 2 , it can be observed that α corresponds to the ratio defining the relative length: β and γ corresponds to the ratio defining the relative width and thickness of the large and small cross sections respectively. To further see the effects of these factors, different parameters are selected. The parameters are introduced in a study by Park (2003) and are taken from the geometry of real bridges.
As seen on the table above, there are 27 cases to be analyzed for each monosymmetric ratio, ρ. Since there are 5 ρ to be analyzed, there will be a total of 135 cases for each loading condition for stepped beams. For prismatic beams there will only be 3 and 4 are the loading conditions to be used to determine the lateral torsional buckling strength of both prismatic and stepped beams. "LC" stands for loading condition and "LCS" stands for loading condition for stepped beams. The first one is equal end moments: followed by unequal end moments, unifromly distributed load, point load at midspan and two point loads at third points respectively.
Finite Element Modeling
The finite element program, ABAQUS (2009), is used to perform the numerical analysis of the lateral torsional buckling capacities of both monosymmetric prismatic and monosymmetric stepped I-beams. Beams with varying degree of monosymmetry are considered. The degreee of monosymmetry, ρ, used is from 0.5-0.9 with a 0.1 interval. Beams having the degree of monosymmetriy of 0.5 are doubly symmettric beams while beams having degree of monosymmetry that is greater than 0.5 are beams that have wider compression flanges than tension flanges. Due to its capability to provide enough degrees of freedom to clearly model the buckling deformations of the beam the standard large-strain, four-noded shell element, S4R, is chosen to model the beams. S4R elements are conventional shell elements that has several hourglass modes that may propagate over the mesh. It is also a robust, general-purpose element that is suitable for wide range of applications. To choose the optimum mesh for the models that are analyzed, a convergence test is held. Choosing the optimum mesh model will ensure that accurate results are achieved in as little time as possible. Simply supported boundary conditions are used for all the beams. lyzing the behavior of the beams because it proves that the bucking failure that would occur is that of lateral torsional buckling. Shown in Fig. 9 are the buckling modes for stepped beam with varying stepped beam factor α.
It can be easily observed that as α increases the stepped length also increases.
Analysis Results

Prismatic Beam Results
To be able to have more data for comparison, and to clearly see the effects of monosymmetry on the lateral torsional buckling of the section being considered, the prismatic configuration of the section selected is also analyzed. Table 4 shows the results obtained using finite element analysis. Fig. 10 shows the illustrations of the finite element results of the prismatic beam.
Two illustrations for the lateral torsional buckling capacity of the prismatic beam analyzed are shown in Fig. 10 . The first illustration, Fig. 10(a) , utilizes the points in order to see the difference between the strengths clearly. With a ρ=0.5, the expected behavior is observed. That is, that the least critical moment is due to equal end moments or LC1. However, as ρ increases, it can be seen that at ρ=0.7, the buckling strength for LC3 and LC5 are almost the same as that of LC1. Then, for ρ=0.8 and ρ=0.9 the least critical moment corresponds to LC5 which has moments of 521.05 kN.m and 476.66 kN.m respectively followed by LC3 which has moments of 545.45 kN.m and 501.18 kN.m respectively and LC1 which has moments of 549.13 kN.m and 526.76 kN.m respectively. In Fig. 10(b) , by connecting the points, the trends are clearly seen and it can be observed that the slope of LC3, LC4 and LC5 are higher than the slope of LC1 and LC2 which means that the change in strength is faster for LC3, LC4 and LC5 than that of LC1 and LC2. The actual change in strength for each interval are shown in Table 5 . The table shows that LC1 and LC2 has a change in strength of about 3~5% while LC3, LC4 and LC5 has a change in strength ranging from 7~10%.
Stepped Beam Results
For the stepped beam analyses made, a total of 5 loading conditions, 5 degrees of monosymmetry and 27 cases of stepped beam parameters are observed. This means that a total of 675 doubly stepped beam models with an unbraced length to height ratio of 20 are made. Tables 6, 7, 8, 9, and 10 show results obtained using finite element analysis for each ratio considered.
For the illustration of results, three cases are selected. Each one has different α. The cases selected would have significant difference in their lateral torsional buckling strengths to clearly illustrate the effect of steps. The illustrations can then be used to see the difference in the trends as the monosymmetric ratio increases. Figs. 11, 12, 13 show the selected illustrations of the results obtained using finite element analysis: Values at the right hand side of LC's are the lateral torsional buckling stregth of the beam in kN.m. 
Stepped Beam Results Analysis
In Tables 6, 7 , 8, 9 and 10, the results are tabulated and are arranged based on the stepped beam cases enumerated in Table  3 . By analyzing the results, it is evident that all throughout, the loading case LCS2 and LCS4, which are unequal end moments and point load at midspan respectively, correspond to the highest lateral torsional buckling moment. It is comparable to the results showed in Fig. 10 which are for prismatic beam. For the illustrations showed in Figs. 11, 12 and 13, it can be seen that as the stepped parameters increase, the strength increases. Getting into details with this results Fig. 11 , which illustrates C2, showed a maximum strength of 1013 kN.m. Fig. 12 , which illustrates C12, showed a maximum strength of 1325 kN.m. and Fig. 13 , which illustrates C27, showed a maximum strength of 1849 kN.m. Thus, clearly showing the effect of steps on the beams. Meanwhile, looking at the trends of the lateral torsional buckling strength for the stepped beams subjected to LCS1, LCS3 and LCS5, it can be observed that as the stepped beam parameter increases, the cause of the least criti- Case  LCS1  LCS2  LCS3  LCS4  LCS5  C1  685  887  790  933  760  C2  809  974  761  1013  828  C3  913  1142  999  1167  960  C4  673  841  747  882  717  C5  790  1021  896  1052  861  C6  939  1197  1041  1215  1001  C7  827  868  767  904  736  C8  821  1060  926  1085  890  C9  969  1242  1077  1255  1035  C10  809  927  820  965  788  C11  852  1058  924  1082  887  C12  1086  1325  1136  1319  1091  C13  728  879  768  901  736  C14  920  1146  983  1144  942  C15  1173  1427  1209  1397  1160  C16  790  930  801  936  768  C17  957  1214  1031  1196  988  C18  1204  1510  1271  1464  1219  C19  747  965  853  1000  821  C20  864  1141  994  1156  957  C21  1265  1516  1295  1485  1248  C22  759  965  814  942  782  C23  1037  1303  1103  1261  1063  C24  1438  1706  1424  1613  1374  C25  926  1037  878  1003  845  C26  1117  1423  1186  1343  1143  C27  1555  1849  1527  1718  1473  C1-C27 -Stepped beam parameters (Table 3) LCS1-LCS5 -Loading Conditions (Fig. 4 ) *values are in kN.m. cal bending moment started to change from LCS1 to LCS3 and LCS5. In Fig. 11 the behavior is almost similar to the behavior of the prismatic beam in which the least critical moment is due to the uniform bending moment diagram. Also, as the monosymmetric ratio increases, the cause of the least critical bending moment started to shift to LCS3 and LCS5. Moreover, in Fig. 13 , it is quite evident that even for a monosymmetric ratio of 0.5, the least critical moment does not correspond to the pure bending loading condition. This is the cause of the stepped section being larger and covering a greater of the percentage of the unbraced length. It can be seen that at ρ=0.9 the pure bending condition has a lateral torsional buckling moment of 1327 kN.m. which is almost equivalent to the value of LTB moment with loading condition of LS4 or concentrated load at midspan, which is 1367 kN.m and that the least critical bending moment are LCS5 and LCS3 which have values of 1146 kN.m and 1192 kN.m respectively. Hence, it can be said that the effects of steps are greatly realized and certains trends are observed. 
Conclusions
Taking inspiration from the study made by Camotim et al. (2012) , the lateral torsional buckling strength trends of monosymmetric stepped I-beams are investigated. In order to do this, different analyses are performed using the finite element program ABAQUS. First, to clearly understand the behavior of the section selected and to find out if the results are comparable to the previous studies made, the prismatic configuration of the section is modeled. Five different monosymetric ratios are used and the beams are subjected to five different loading conditions. Next, the stepped beams are modeled. Same conditions for the prismatic beam are used but in order to see the effects of steps, the stepped parameters α, β, and γ are introduced. Varying α, β, and γ resulted into 27 cases for stepped beam parameters.
After tabulating and analyzing all the results, certain conclusions are made. First, it can be concluded that the least critical moment does not always correspond to pure bending moment diagram. May it be prismatic beams or stepped beams. For the prismatic beams, as ρ reaches 0.9 the change in the least critical bending moment cause are evident enough in the illustrations. For stepped beams having minor changes in comparison with the original configurations of the beam (see Fig. 11 ), the trends are almost similar to the trends observed using prismatic beam (see Fig. 10 ). The increase in strength are observed but the lateral torsional buckling strength trends remain the same or there is an insignificant difference. However, as the stepped beam parameters increase the lateral torsional buckling strength change becomes more evident and the trends are seen to have quite a significant difference compared to the trends in the prismatic section. By observing, it can be seen that even at ρ=0.5 the least critical moment is not due to pure bending moment diagram anymore. And as ρ reaches 0.9 the strength due to pure bending is almost the same as that of the strength due to the point load at midspan. Moreover, in fig. 13 , the strength of the stepped beam almost doubled in comparison with its prismatic section configuration. As the monosymetric ratio increases, the trends are better seen and this is a critical issue especially when designing beams for buildings and other structures. Thus, it can be concluded that the degree of monosymmetry has a great effect on the lateral torsional buckling capacity of the stepped beams and that the intuitive assumption is verified to be not true for this study. However, improvements and further study can be made which can include monosymmetric ratios of less than 0.5 and other loading and boundary conditions can also be observed. Finally, it can be said that as more programs become available, most of intuitive assumptions will be verified and this will result to safer and more theoretically based design methods and assumptions.
